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,QWURGXFWLRQ
6XSHUILQLVKLQJLVDWUHDWPHQWRIPDWHULDOVILQLVKLQJDOORZLQJWRDFKLHYHVPDOOVXUIDFHURXJKQHVV>@,WLVZHOO
NQRZQWKDWWKLVSURFHVVDOORZVRQO\WRLPSURYHWKHVWDWHRIWKHVXUIDFH>@
$SDUWIURPWKHRWKHUSDUDPHWHUVRIWKHSURFHVV>@WKHLPSRUWDQWSDUDPHWHUVRIWKHVXSHUILQLVKLQJDUHWKHDQJOH
RI LQWHUVHFWLRQ RI WKH RVFLOODWLQJ PRYHPHQW WUDMHFWRU\ WUDFHV WKH DQJOH EHWZHHQ WKH SDWK RI JUDLQ DQG D SODQH
SHUSHQGLFXODUWRWKHD[LV>@7KHOLWHUDWXUH>@JLYHVWKHRSWLPDOWUHDWPHQWFRQGLWLRQVSURYLGLQJKLJKHIILFLHQF\RI
WKH SURFHVV DQG ORZ URXJKQHVV RI WKH PDFKLQHG VXUIDFH 0RGHUQ WHFKQRORJ\ DOORZV RVFLOODWLQJ VXSHUILQLVKLQJ
WUHDWPHQWRILQWHULRUDQGH[WHULRUVXUIDFHRIUHYROXWLRQXVLQJVSHFLDOPDFKLQLQJVWDWLRQV>@DVZHOODVWUDGLWLRQDO
ODWKHVZLWK VSHFLDORVFLOODWRU\GHYLFHV >@7KH LPSRUWDQFHRIRWKHUJULQGLQJSURFHVVHV LV LQFUHDVLQJDVZHOO IRU
LQVWDQFHJULQGLQJZLWKDEUDVLYHEHOWVKDVEHFRPHSRSXODU>@2VFLOODWRU\VXSHUILQLVKLQJDOVRDSSOLHVWRILQLVKLQJRI
JHDU >@ RU IODW DQG FXUYHG VXUIDFHV >@ +\EULG PHWKRGV ZKHUH WKH JULQGLQJ SURFHVV LV VXSSRUWHG E\
HOHFWURFKHPLFDOSURFHVVKDYHDOVREHHQLQWURGXFHG>@
7KHGHYHORSPHQWRIFRPSXWHUWHFKQRORJ\LQWHUPVRIERWKFRPSXWDWLRQDOSRZHUDQGDYDLODEOHLQWHUIDFHVFUHDWHV
RSSRUWXQLWLHVIRUJHQHUDWLRQRIRULJLQDOUHVHDUFKLQWKHILHOGRIDXWRPDWLRQRIWHFKQRORJLFDOSURFHVVHVLQPDFKLQLQJ
>@ ,Q SURFHVV RSWLPL]DWLRQ IRU LQVWDQFH QHXUDO QHWZRUNV KDYH EHHQ XVHG >@ 0RGHUQ WHFKQRORJ\ HQDEOHV
PRQLWRULQJRIWKHVXSHUILQLVKLQJSURFHVVPRVWIUHTXHQWO\E\IRUFHVDQDO\VLV>@
7KLVDUWLFOHSUHVHQWVFRPSXWHUFRQWUROOHGRVFLOODWLQJVXSHUILQLVKLQJVWDWLRQZKLFKDOORZVWRFRQWUROWKHIUHTXHQF\
RIWKHRVFLOODWRU\PRYHPHQWEDVHGRQWKHDFWXDOVSLQGOHVSHHG2QHDSSOLFDWLRQRIWKHVWDWLRQLVWKHDXWRPDWLRQRIWKH
WZRVWDJHRVFLOODWLQJVXSHUILQLVKLQJ

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G GLDPHWHURIDZRUNSLHFH   >P@
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IV RVFLOODWLRQIUHTXHQF\   >V@
IVFRU FRUUHFWHGRVFLOODWLRQIUHTXHQF\  >V@
Į JULQGLQJGLUHFWLRQDODQJOH   >GHJUHHV@
D DPSOLWXGHRIWRRORVFLOODWLRQ  >PP@
0H FRUUHFWHGQXPEHURIRVFLOODWLRQVSHUURWDWLRQ
H SKDVHVKLIWRIWKHRVFLOODWLQJPRYHPHQW

0HWKRGVDQGPDWHULDOV
7KHEDVHVRIWKHRVFLOODWLQJVXSHUILQLVKLQJ
2VFLOODWLQJ VXSHUILQLVKLQJ RI WKH VXUIDFH LV EDVHG RQ WKH FRPELQHG PRWLRQ RI WKH JULQG VWRQH DQG ZRUNSLHFH
URWDWLRQ ,W LV SRVVLEOH WRPDFKLQH ERWK WKH H[WHUQDO DQG LQWHUQDO VXUIDFHV 6XSHUILQLVKLQJ SURFHVV SDUDPHWHUV DUH
IUHTXHQF\RI WKHRVFLOODWLRQDPSOLWXGHRI WKHRVFLOODWLQJPRWLRQRI WKHJULQGVWRQHDQG WKHSDUDPHWHUVDVVRFLDWHG
ZLWK WKH PRYHPHQW RI WKH ZRUNSLHFH  GLDPHWHU DQG URWDWLRQDO VSHHG 7KH RWKHU EDVLF SURFHVV SDUDPHWHU LV WKH
JULQGLQJGLUHFWLRQDODQJOH

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)5(49$5PDGHLQ3RODQG,WLVDN:$&SRZHUHG9LQYHUWHUWKDWLVFDSDEOHRIJHQHUDWLQJDWKUHH
SKDVHFXUUHQWZLWKLQIUHTXHQF\UDQJHRI+]WR+]
7KHIUHTXHQF\VHWWLQJLVPDGHE\DSRWHQWLRPHWHURUH[WHUQDOYROWDJHVLJQDOWKHVHFRQGRSWLRQZDVXVHGLQWKLV
VWXG\7KH LQYHUWHU LV FRQQHFWHG WR WKH3&YLD WKH3&/' LQWHUIDFHFRPELQHGZLWK3&//DQDORJRXWSXW
FDUG7KLVDOORZVWRFRQWUROWKHDQJXODUYHORFLW\LQDZLGHUDQJHRIYDOXHVLQFOXGLQJWKHSRVVLELOLW\RILQFUHDVLQJLW
DERYHQRPLQDOYDOXH

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)LJ7KHVFKHPHRIWKHVHWXS
)RUFRQWUROOLQJFKDUDFWHULVWLFRIWKHRVFLOODWLRQIUHTXHQF\ZDVGRQH)LJ7KHFKDUDFWHULVWLFVZDVDFKLHYHGE\
FRQWUROOLQJWKHYROWDJHOHYHORQWKHDQDORJRXWSXWFDUG3&//
7KHVWXG\ZDVEDVHGRQHPSLULFDOO\GHYHORSHGUHODWLRQVKLS
VWHHU VI I ,    
ZKHUH
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)UHTXHQF\RIWKHGULYHUZDVVHWXVLQJWKH3&//FDUGXVLQJHPSLULFDOUHODWLRQVKLSIRUWKHYROWDJH8
  VWHHU8 I     
'HWHUPLQDWLRQRI WKH WUDMHFWRU\RI WKHRVFLOODWLQJPRYHPHQW UHTXLUHGGDWDRQ WKHGLDPHWHURI WKHZRUNSLHFH WR
GHWHUPLQHLWVURWDWLRQDOVSHHG'HYHORSHGV\VWHPGXHWRWKHDEVHQFHRIDVHFRQGLQYHUWHULVFXUUHQWO\QRWFDSDEOHRI
FRQWUROOLQJ WKLV YDOXH ± VR WKH V\VWHP UHDG WKH DFWXDO URWDWLRQDO VSHHG ZLWK DQ LQGXFWLYH VHQVRU 3XOVH FRXQWLQJ
V\VWHPLVFRQQHFWHGYLDWKH3&/'LQWHUIDFHXVLQJLWVGLJLWDOLQSXW6HH)LJ
7KHGHYHORSHGVWDQGGHVSLWHWKHRQO\RVFLOODWLQJPRYHPHQWFRQWUROKDVJUHDWSRWHQWLDOLQFRQWURODSSOLFDWLRQVRI
WKHVXSHUILQLVKLQJRVFLOODWLRQ,WHQDEOHVFRQWLQXRXVFRQWURORIWKHPDFKLQLQJSURFHVVZLWKRXWLQWHUUXSWV+RZHYHU
LQ DGGLWLRQ WRKDUGZDUH DOVR VRIWZDUHGHYHORSPHQWZDV UHTXLUHG WR DFKLHYH WKLV JRDO7KHSDSHUSUHVHQWV D WZR
VWDJHPDFKLQLQJSURFHVVFRQWUROVRIWZDUH
&RPSXWHUVRIWZDUHIRUFRQWURORIWKHWZRVWDJHVXSHUILQLVKLQJSURFHVV
'HYHORSHG FRQWURO V\VWHP LV RSHUDWHGE\ FXVWRPPDGH VRIWZDUH WKDW UHODWHV LQYHUWHU LQSXW VLJQDOZLWK VSLQGOH
VSHHGVHQVRUYDOXHV7KHDOJRULWKPRIWKHFRQWUROV\VWHPRIWKHWZRVWDJHVXSHUILQLVKLQJLVVKRZQLQ)LJXUH

)LJ7KHFRQWURORIWKHVWDQGDOJRULWKPEKGLPHQVLRQVRIWKHJULQGVWRQHDDPSOLWXGHRIJULQGVWRQHPRWLRQ)MXQLWSUHVVXUHRIJULQG
VWRQH)GRZQIRUFHRIWKHJULQGVWRQHW±WLPHRIWKHSURFHVVLQJ
'DWD
EKDGQ)M
67$57
) EK)M
9Z SGQ
9RVFZ I9ZHS
IZ I9RVFZD
0HS LQWISQHZ
IZBNSU 0HZQ
IVWHUZ IZBNSUL
0DQXDOJULG
6WRQHSXVK
*ULGVWRQH
UHPRYDO
,QLWLDOVXSHUILQLVK
ISWS
9RVFS I9ZDS
IS I9RVFSD
0HS LQWISQHS
ISBNSU 0HSQ
IVWHUS IS NSUL
6723
3UHSURFHVVLQJGDWD
DSWSHS
)LQLVKSURFHVVLQJGDWD
DZ WZ HZ
)LQLVKLQJVXSHUILQLVK
IZWZ
53 Tadeusz Mikolajczyk et al. /  Procedia Technology  22 ( 2016 )  48 – 54 
2QWKHEDVLVRIWKHLQSXWGDWDWKHDOJRULWKPEDVHGRQWKHJLYHQGLDPHWHURIWKHZRUNVXUIDFHWKHDPSOLWXGHRIWKH
RVFLOODWLQJPRYHPHQWWKHVHWVSHHGVXEMHFWWRWKHFRQWURODQGDFFRUGLQJWRWKHJLYHQJULQGLQJGLUHFWLRQDODQJOHV
VHOHFWVRVFLOODWLRQ IUHTXHQF\ WRSURYLGHDGHTXDWHFRQGLWLRQVIRUJULQGLQJGLUHFWLRQDODQJOHV >@E\VHWWLQJYDOXHRI
WKHHSDUDPHWHU'LPHQVLRQVRI WKHJULQG VWRQHDUHXVHG WRFDOFXODWHSUHVVXUHXQLWXVHG WRGHWHUPLQH WKH UHTXLUHG
FODPSLQJ IRUFH $W WKH VDPH WLPH DOJRULWKP RYHUVHHV WKH SUH VXSHUILQLVKLQJ WLPHV DQG DXWRPDWLFDOO\ JRHV LQWR
ILQLVKLQJDQGVLJQDOVWKHHQGRIWUHDWPHQW
7KH LQFUHDVH LQ WKH WDQJHQWLDO VSHHG UHFRPPHQGHG LQ WKH ILQLVKLQJ SKDVH >@ UHTXLUHV WKH LQWHUUXSWLRQ RI WKH
PDFKLQLQJSURFHVVWRDGMXVWWKHURWDWLRQDOVSHHGRIWKHVSLQGOH$VVRRQDVWKHVSLQGOHVSHHGFRQWUROLVLPSOHPHQWHG
DQGDFRUUHVSRQGLQJIHHGWRWKHDFWXDWRUFRQWUROZLOOEHFUHDWHGWKHV\VWHPZLOODOORZIRUIXOO\DXWRPDWLFPDFKLQLQJ
SURFHVVFRQWUROWDNLQJLQWRDFFRXQWDOVRWKHGRZQIRUFHDGMXVWPHQW
7KH DOJRULWKP )LJ  XVHV UHODWLRQVKLSV ZKLFK DUH LPSOHPHQWHG LQ WKH FRQWURO VRIWZDUHGHYHORSHG LQ
9%)LJ3URJUDPZLQGRZFRQVLVWVRIWKUHHSDQHOV2QWKH³'DWD´SDQHOLQSXWILHOGVDUHSURYLGHGIRUWKHLQSXW
VHWWLQJV7KHVHFRQGSDQHO0DQXDODOORZVWRGHILQHWKHSHULSKHUDOVSHHGWKHVSHHGRIRVFLOODWLRQWKHIUHTXHQF\
RIWKHRVFLOODWLQJPRYHPHQW


)LJ&RQWUROSDQHORIVRIWZDUH
6WDUWEXWWRQRQWKH³0DQXDO´SDQHOHQDEOHVPDQXDOFRQWURORIDQRVFLOODWLRQIUHTXHQF\XVLQJWKHLQYHUWHU
2QWKH$XWRPDWLFSDQHOWZRVWDJHSURFHVVLQJGDWDFDQEHSURYLGHG
JULQGLQJGLUHFWLRQDODQJOH
WLPHSHULRG
WKHHSDUDPHWHU
7KHSURJUDP VXJJHVWGHIDXOWVYDOXHV IRUDOO WKHSDUDPHWHUV$W WKH VDPH WLPH WKH VRIWZDUHXVHVEXLOW LQ WDEOHV
DOORZLQJVHOHFWLRQRISDUDPHWHUVEDVHGRQWKHOLWHUDWXUH>@
$IWHU FOLFNLQJ WKH6WDUWEXWWRQ V\VWHP VWDUWV WKHSURFHVVRIPDQXDO SURFHVVLQJZKLOH DGMXVWLQJ WR WKHGHVLUHG
JULQG VWRQH GRZQ IRUFH 7KH SURJUDP RYHUVHHV WKH SURFHVV LQ DFFRUGDQFH WR WKH SUHGHWHUPLQHG DOJRULWKP JLYLQJ
DSSURSULDWHV\VWHPPHVVDJHVDQGVLJQDOLQJDVWKHSURFHVVLQJDGYDQFHV
([SHULPHQWV KDYH VKRZQ WKH FRUUHFWQHVVRI WKH FRQWURO VXSHUILQLVKLQJSURFHVV2VFLOODWLRQ IUHTXHQF\ KDVEHHQ
REVHUYHGGXULQJVHYHUDOSURJUDPUXQV7KHIUHTXHQF\SHUIHFWO\IROORZHGWKHPDFKLQLQJVHTXHQFHLQSXWE\WKHXVHU
LQDOO WKH WHVW FDVHV7KHVWDWXVRI WKHPDFKLQLQJZDVSUHVHQWHGE\FRORU VLJQDOVDQG WH[WPHVVDJHV LQ WKH6\VWHP
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LQIRUPDWLRQZLQGRZ7KHGHYHORSHGV\VWHPDOORZVRSWLPXPRVFLOODWLQJPRWLRQSDUDPHWHUVVHOHFWLRQIRUWKHDFWXDO
URWDWLRQDOVSHHGRIWKHREMHFW
6XPPDU\
7KH FRPSXWHUL]HG VXSHUILQLVKLQJ V\VWHP HQDEOHV WKH RSWLPL]DWLRQ RI WKH RVFLOODWLQJ IUHTXHQF\ GXH WR WKH
HVWDEOLVKHG YDOXH RI WKH JULQGLQJ GLUHFWLRQDO DQJOH DQG FDQ HYHQ UHFRPPHQG DQ RIIVHW VLQH ZDYH H WDNLQJ LQWR
DFFRXQW WKH DFWXDO VSHHG RI WKH REMHFW7KHPDLQ OLPLWDWLRQ RI WKH SUHVHQWHG FRQILJXUDWLRQ LV WKDW LW XVHVPDQXDO
VSLQGOHVSHHGFRQWUROZKLFKUHTXLUHGLQWHUUXSWLRQLQWKHSURFHVVIRUPDQXDOVSHHGDGMXVWPHQW7KHUHIRUHFRPPRQ
VSLQGOH VSHHG YDOXH KDV WR EH FKRVHQ IRU WKH ILUVW DQG VHFRQG VWDJH RI PDFKLQLQJ SURFHVV ZKLOH DXWRPDWLFDOO\
DGMXVWLQJ RVFLOODWLRQV DFFRUGLQJ WR WKH WZRVWHS JULQGLQJ SURFHVV VHTXHQFH0DLQ LPSURYHPHQW WR WKH ODERUDWRU\
VHWXSZLOOEHWKHXVHRIFRQWLQXRXVYDULDEOHVSLQGOHVSHHGFRQWURODQGWKHXVHRIFRQWUROOHGLQIHHGVSHHG7KLVZLOO
DOORZIRUIXUWKHURSWLPL]DWLRQRIWKHSURFHVVLQJSDUDPHWHUVLQFOXGLQJVSHHGSURILOLQJIRUHDFKSKDVHRIWKHSURFHVV
DQGDXWRPDWHGZKHWVWRQHPRWLRQWRHQDEOHDGDSWLYHSUHVVXUHFRQWUROGHSHQGLQJRQWKHSURFHVVLQJVWHS
7R FRPSDUH WKH UHVXOWV ZLWK WKH RQHV UHSRUWHG LQ OLWHUDWXUH VXUIDFH URXJKQHVV QHHGV WR EH PHDVXUHG LQ DQ
DXWRPDWHGZD\IRULQVWDQFHXVLQJUHIOHFWRPHWULFVPHWKRG>@)XUWKHUZRUNRQWKHFRQWURORIWKHRVFLOODWRU\WRROV
WUDMHFWRU\VKDOOEULQJPRUHLQVLJKWLQWRWKHDXWRPDWHGPDFKLQLQJSURFHVV
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